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AXT VGF Excellence of 
I I I -V Semiconductors 
by Dr Xiao Liu 
AXT has established itself as a leading manufacturer of high-quality GaAs substrate material 
during the past few years. The company is expanding steadily into other III-V semiconductor 
substrates, such as InP and GaN. AXT's GaAs sales ranked No. 1 among all U.S. suppliers. 
The key to AXT's success: VGF technology. 
Company Background 
American Xtal Technology (AXT) is 
an independent company specializing 
in supplying III-V compound semi- 
conductor wafers. The company was 
founded in 1987 by Morris and 
Theodore Young with Davis Zhang. 
They dreamed of creating their own 
business, and pooled their own and 
their family's resources to establish a
GaAs wafer production company in 
Dublin, California. They gambled on 
a new crystal growth technology - 
the Vertical Gradient Freeze (VGF) 
technique. 
The VGF technique isat the core of 
AXT's capability. Crystal growth by 
VGF was first pioneered by AT&T 
Bell Laboratories [1]. However, 
AT&T never commercialized the pro- 
cess, although the technique produces 
much higher quality crystals at a 
lower cost. AXT independently devel- 
oped a cost-effective, high-yield, VGF 
technology that currently produces 
the best semi-insulating and semi- 
conducting GaAs and InP wafers. 
This technique has proven to have 
many advantages over the growth 
technologies adopted by AXT's com- 
petitors. Although VGF technology 
has since been pursued by a number 
of other crystal manufacturers, AXT 
is the only company, presently, that 
has succeeded in commercial GaAs 
production using this technique. 
AXT has grown rapidly from a 
company of a few employees to over 
140 employees in the past few years 
and is continuing this rapid growth. 
In September 1995, the company 
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Figure 1. AXT  GaAs substrates are widely used in optoelectronic devices, microwave devices, and in the 
1C industry. They are also a main supply source for scientific research laboratories and universities. 
The company's I,'GF-InP wafers are also becoming commercially available. AXT's GaAs product lines 
include undoped semi-insulating and doped semi-conducting wafers with: epi-ready and superclean 
surface finish, diameter up to 150 mm, with 100 mm round wafers in volume production, thickness as 
thin as 100 ~tm, almost any customer-specified surface orientations, cleaved major flat 
with 0.01 ° accuracy, blackened backside for enhanced heat absorption in MBE growth. 
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Figure 2. AXT's Fremont facility under con- 
struction (top), and an artist's rendering of the 
finished building (bottom). This facility repre- 
sents the company's commitment to and con- 
fidence in the future of the Ili- V semiconductor 
market. The Phase 1 construction will include over 
50 000 sq. f t  of  production space. A Phase H 
program is planned in 1998 for an additional 
30 000 sq. ft. These two expansions will increase 
company production capability six to seven times, 
and reach an annual wafer production of five 
million sq. in. The world-class facility was 
designed exclusively for 111- V wafer production, 
with state-of-the-art pollution control and waste- 
recovery systems. AXT  believes that many 
innovative design and operation features in this 
new facility will soon become industry standards 
- an additional contribution of AXT  to the I l I -V 
industry, beyond successfully introducing com- 
mercial VGF technology. 
started to build ]ai, A f ~ 
what we estimate 
to be the largest .......... :~. 
U.S. III-V sub . . . . . . . . . .  
strate produc- 
tion facility in 
Fremont, Cali- 
fornia. The Phase I construction will 
include over 50 000 sq. ft. of produc- 
tion space. A Phase II expansion is 
planned in 1998 for an additional 30 
000 sq.ft. These two expansions will 
increase company production capabil- 
ity six to seven times and will reach an 
annual wafer production of 5m sq. in. 
AXT currently serves 300 customers 
in 15 different countries. The custo- 
mer profile includes leading govern- 
ment  research  centers  and  
universities, as well as such Fortune 
500 companies as TRW, Northern 
Telecom, Raytheon,  Motoro la ,  
AT&T, Hewlett-Packard, etc. 
AXT has recently climbed to the 
No. 1 sales position in the U.S. GaAs 
substrate industry (according to Stra- 
tegies Unlimited). This rapid rise is 
especially amazing, given that AXT is 
the newest entry and the only pri- 
vately financed company in the capi- 
tal-intensive GaAs substrate industry. 
AXT's facility expansion in Fremont 
represents the company's commit- 
ment and confidence in the future of 
the GaAs market. The company is 
also engaged in intensive efforts to 
expand the market share of InP and 
develop Gallium Nitride (GaN) sub- 
strates. The addition of these sub- 
strates will broaden AXT's existing 
product line to cover the entire 
spectrum of substrates for optical 
and electronic applications. 
Last year AXT was awarded a 4- 
year, $8.9m contract under the U.S. 
Department of Defense Title III 
Program for the development of 
domestic GaAs substrate capability 
(see III- Vs Review, Vol. 8 No. 1 pp 25, 
February 1995). Title III is a unique 
program and occupies a central role 
in the Department of Defense's mis- 
sion to maintain U.S. technological 
leadership in defense production. This 
contract award is considered to be an 
important milestone in the company's 
history. It represents the recognition 
by the U.S. Government of the 
unique nature of AXT and its pro- 
ducts. The ultimate goal of the con- 
tract is to assist AXT in becoming a
long-term, world-class GaAs sub- 
strate supplier through an integrated 
business trategy and marketing effort 
to meet both U.S. military and 
commercial requirements. 
AXT Quality 
AXT's production of high quality 
semiconductor wafers is ensured by 
more than superior VGF technology. 
The company begins manufacturing 
III-V semiconductors with raw Group 
III and Group V elements, and ends 
with high quality epi-ready wafers. 
The entire process of production, 
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testing and delivery is per- 
formed by the company's 
"%~-"-,.~ highly competent  and 
skillful employees under a 
~ very strict and complete 
quality assurance system. 
Recently, AXT achieved 
• a new milestone in its 
quality assurance program 
- in September 1995, the 
company passed the ISO 
9002 audit with no findings on its first 
attempt. 
High-quality wafer production is 
possible only with world-class facil- 
ities. At AXT, highly automated 
equipment is used for material synth- 
esis, crystal growth and grinding, and 
for wafer slicing, lapping, polishing, 
cleaning, testing and packaging. Mea- 
surements of the mechanical, chemi- 
cal and electrical qualities of the 
wafers are carefully maintained and 
recorded. AXT's facilities are widely 
recognized as some of the best in the 
industry. Next year, the Fremont 
facility will become the newest and 
the most up-to-date III-V semicon- 
ductor manufacturing facility in the 
world. 
The Fremont facility was designed 
exclusively for III-V wafer produc- 
tion. State-of-the-art pollution con- 
trol and waste-recovery systems 
ensure that the facility operates at 
maximum efficiency and meets or 
exceeds all government and local 
regulation requirements. AXT be- 
lieves that its many innovative design 
and operation features in this new 
facility will soon become industry 
standards, one more recognizable 
contribution of AXT to the III-V 
compound semiconductor industry 
- in addition to successfully com- 
mercializing VGF technology in the 
past years. 
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Gallium Arsenide 
Substrates 
In the early days, GaAs was the only 
crystal material type grown at AXT. 
GaAs is the most important member 
in the III-V compound semiconductor 
family. It has a direct bandgap of 1.42 
eV at room temperature and high 
electron mobility. The unique funda- 
mental properties of GaAs offer many 
electronic and optical applications 
that silicon devices cannot 
have. In spite of its higher 
cost, relative to silicon, 
GaAs is the preferred mate- 
rial for monolithic micro- 
wave and millimeter wave 
integrated circuits (MMICs). 
GaAs devices are used in 
cellular phones, satellite 
broadcasting, advanced ra- 
dar systems and for electro- 
nic warfare. GaAs is also the 
material of choice for lasers 
and light-emitting-diodes. 
The broad range of optical 
applications includes lasers 
for communications, data 
storage, and indicators in 
appliances, automobiles, 
traffic signals and commer- 
cial displays. 
Crystal Growth 
Technology 
GaAs crystal growth is 
dominated by three funda- 
mental techniques: liquid en- 
capsulated Czochralski (LEC), 
horizontal Bridgman (HB), and ver- 
tical gradient freeze (VGF). In an 
LEC process, a single crystal seed is 
lowered to a GaAs melt which is 
covered by a layer of B203 to protect 
the loss of the volatile As and main- 
tain stoichiometry. The temperature 
of the melt is reduced until crystal- 
lization starts on the seed. The seed is 
then raised at a uniform rate, and a 
crystal is pulled from the melt. 
In contrast, the HB technology is a 
boat growth technique. It controls the 
crystal growth by producing a tem- 
perature gradient to directionally cool 
the GaAs melt contained in a hor- 
izontal boat and in contact with a 
seed. This temperature gradient is 
produced by a horizontal movement 
of the heater relative to the quartz 
reaction tube. A crystal is grown as 
the freezing interface travels along the 
boat. 
The VGF technology works closely 
with nature, rather than against it. In 
the VGF growth, the polycrystal 
charge in a pyrolytic boron nitride 
(pBN) crucible is heated in a multi- 
zone furnace. Crystal growth is in- 
itiated by melting the charge back to 
an appropriately oriented seed, then 
reducing the temperature gradient o 
cool the melt from the seed. The 
crystallization process is precisely 
Figure 3. AXT  uses a wide range of  
characterization methods in various proce- 
dures to maintain high product quality. 
Shown in the figure are facilities for: (i) the 
inspection of EPD (left); and (ii) the 
mapping of  EL2 distribution in semi- 
insulating GaAs (right). 
controlled by electro- 
nically varying the 
m temperature profile of the multi-zone fur- nace. Unlike the HB technique, the VGF 
system is configured 
vertically instead of 
horizontally. In addition, instead of 
pulling the crystal out of the turbulent 
melt, with the crystal hanging onto 
the seed, the melt in VGF is contained 
in a crucible and is slowly and 
homogeneously olidified. 
The Benefits of VGF 
Both of the LEC and HB techniques 
suffer from a number of serious 
drawbacks. 
The most serious problems of the 
LEC process are: (i) the large axial 
temperature gradient needed to main- 
tain diameter control and crystal 
stoichiometry, resulting in high ther- 
moelastic stresses in the crystal, and 
creating a high level of dislocations; 
and (ii) the cooler melt at the top than 
at the bottom. The inverse tempera- 
ture distribution leads to strong buoy- 
ancy-driven convection and large 
temperature fluctuations that create 
inhomogeneities in dopants and in- 
corporate point defects. 
The HB technique, although it is an 
inexpensive way of growing GaAs, 
also suffers from a number of pro- 
blems, such as: (i) the asymmetrical 
thermal configuration; (ii) the convec- 
tion in the melt that affects the 
symmetry of the vertical growth inter- 
face; (iii) the Si contamination; and 
(iv) the D-shaped cross section of the 
crystal grown. 
With VGF, most of the drawbacks 
identified above can be overcome. 
First, the thermal environment of 
the crystal and melt are radially 
symmetric, allowing the possibility of 
a planar growth interface and precise 
control of temperature profiles. Sec- 
ond, growth in low axial and radial 
temperature gradients is combined 
with the diameter control imposed 
by a crucible, with no need to use a 
large temperature gradient o freeze 
the crystal quickly. This significantly 
reduces the strain and, hence, disloca- 
tions in the crystals. Third, the liquid- 
solid interface sweeps upward 
through the melt, with crystallization 
starting at the seed in the bottom of 
the crucible. The system is cooler at 
the bottom, and is thermally stabi- 
lized against convection. Even in the 
cooling process, easily adjustable 
cooling brings the crystal to room 
temperature at a rate that minimizes 
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Figure 4. Comparison of transmission X-ray topography of typical semi-insulating GaAs wafers grown 
by: (a) LEC; and (b) VGF techniques. Higher crystal quality is observed for the VGF grown material, 
as discussed in the text. (Images courtesy of Dr Bruce Steiner, National Institute of Standards and 
Technology, Gaithersburg, Maryland 20899, USA). 
thermal stress and optimizes point- 
defect formation. 
To illustrate the superior crystal 
quality of VGF materials. Figure 4 
shows the transmission X-ray topo- 
graphic images of typical semi-insu- 
lating GaAs wafers grown by LEC 
and VGF. The LEC wafer shows a 
strong cellular dislocation network. 
tangled dislocations that cluster into 
cell walls with essentially dislocation- 
free cell interiors. It also reveals low- 
angle grain boundaries, which are 
small tilts in the crystal lattice. In 
contrast, the dislocation cells ob- 
served for VGF GaAs are larger than 
those observed in LEC crystals. The 
cells also show much less contrast. 
indicating that the angular tilt be- 
tween them is much reduced. In 
addition, very few. if any, low-angle 
grain boundaries are observed. 
A more detailed comparison of 
VGF. LEC. and HB techniques is 
provided in Table 1. which lists some 
of the main properties of each tech- 
nique. In summary, the VGF techni- 
que grows high-quality GaAs crystals 
with low dislocation density at rela- 
tively low costs. The growth can be 
controlled to achieve a good stoichio- 
metry. The overall defect and impur- 
ity concentrations in VGF materials 
are generally lower than materials 
grown by the LEC and HB techni- 
ques. In addition, good electrical 
uniformity can be achieved due to 
the precise temperature control and 
homogeneous VGF growth. This 
means better wafer-to-wafer and in- 
got-to-ingot uniformity and reprodu- 
cibility. 
mercial production of VGF GaAs, 
and to demonstrated improvements in 
device performance by many of 
AXT's customers. 
Substrates for Epitaxy 
A direct consequence of the low 
defect density in VGF GaAs is the 
increased mechanical strength of the 
material. Wafers with a high disloca- 
tion density can easily form micro- 
cracks where the dis locations 
coalesce. An almost linear increase 
in wafer fracture strength, with de- 
creasing dislocation density, has been 
observed [2]. High mechanical 
strength is obviously desirable, since 
it results in reduced wafer breakage 
during volume processing. It also 
allows the use of thin wafers during 
Table 1: Comparison of VGF, LEC, and HB GaAs crystal growth technologies. 
HB 
-1000 
< 102 
high 
poor  
D-shape 
tow 
poor  
(only 3") 
high 
The VGF Advantages in 
Applications 
The higher crystal quality of VGF 
GaAs translates directly to the better 
performance of devices based on 
VGF substrates, uch as lower defect 
epitaxy, more uniform implant prop- 
erties, and greater device yields. How- 
ever, despite the advantages above, 
which have been known for almost a 
decade, VGF materials have achieved 
industry-wide r cognition of its super- 
iority only in recent years. Such 
recognition is due in large part, to 
the sustained R&D of AXT in corn- 
processing, eliminating the thinning 
steps often required for devices. The 
superior mechanical properties of 
VGF materials lead to a unique 
AXT feature - extra thin, 100 ~tm- 
wafers. 
The relationship of structural im- 
perfections of epitaxial layers to their 
subs:rates has been closely examined 
by Bassignana nd Macquistan [3]. 
Layers of 2 lxm-thick A10.sGao.sAs 
were grown by conventional molecu- 
lar beam epitaxy (MBE) and metal- 
organic chemical vapor deposition 
(MOCVD) on GaAs LEC semi-insu- 
lating substrates. Studies howed that 
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all the threading dislocations asso- 
ciated with the dislocation cellular 
network in the substrate, as shown in 
Figure 4, extend up into the epitaxial 
layer in exact one-to-one correspon- 
dence. This dislocation propagation 
exists in both MBE and MOCVD 
growth. Hence, a higher quality sub- 
strate is the foremost condition for 
obtaining a high quality epilayer. 
Although the dislocation density of 
the substrates has been shown to 
strongly affect the quality 
of epitaxial ayers, a com- 
mon claim is that it has no 
definite effect on the devi- 
ce's performance. A deci- 
sive e f fec t  on dev ice  
per fo rmance  has been 
found to be related to AB 
defects [4], although the 
origin of AB defects is not 
well understood. These de- 
fects can be revealed by AB 
solution etching as oval 
defects, and are generally 
believed to be As precipi- 
tates. Field-effect transis- 
tors (FETs) with more AB 
defects exhibit poorer per- 
formance and uniformity. 
In VGF GaAs, the AB 
defect density is orders of 
magnitude lower than LEC 
materials, and are much 
more suitable for these epi- 
taxial devices. 
Recent systematic studies 
at TRW further show that 
MBE layers grown on VGF 
substrates have significantly 
better surface morphology, 
with much lower defects 
and haze, than those grown 
on LEC substrates. Figure 5 
compares surface scan re- 
suits of 3-inch MBE layers 
grown consecutively on these sub- 
strates. Epitaxial growth of model 
InGaAs/GaAs HEMT device struc- 
tures in TRW yield similar results. As 
shown in Figure 5c, the HEMT 
epitaxial layers on VGF substrates 
have decade lower defect density than 
on LEC substrates. It should also be 
noted in Figure 5c that LEC wafers 
inserted in the VGF series show the 
same results as the earlier LEC series. 
Not shown in Figure 5 are TRW's 
transmission electron microscopy 
(TEM) plan-view studies, which re- 
veal partial relaxation of the strain 
and a d i s locat ion  dens i ty  o f  
-4500 cm -2 for structures grown on 
LEC substrates, while no relaxation 
and dislocation are observed on 
structures grown on VGF substrates. 
The critical thickness of pseudo- 
morphic InGaAs/GaAs HEMTs is 
concluded to be greater on VGF than 
on LEC substrates. In addition, 
photoluminescence measurements 
show greater intensity for HEMT 
structures based on VGF substrates. 
Measurements of transconductance 
and channel resistance, as a function 
Figure 5. Surface scan results of  3-inch molecular beam epitaxial ( MBE) 
layers grown on." (a) LEC; and (b) VGF substrates, from a recent study at 
TR W. The surface morphology based on VGF is significantly better than on 
LEC substrates. In Figure 5c, it is observed that the HEMTstructures on VGF 
substrates have decade lower defect density than on LEC substrates. Note also 
that in (c) the LEC inserted in VGF series shows similar results to earlier 
LEC series. (Figures courtesy of  D. C. Streit and T. R. Block, 
TRW, Redondo Beach, CA 90278, USA). 
of channel thickness in HEMT struc- 
tures, show that improved device 
performances on VGF substrates are 
more obvious with increasing channel 
thickness. TRW concluded that by 
using VGF substrates, consistently 
better yield, epi-layer quality, and 
device performance can be achieved 
on the production line. More details 
of these results have been submitted 
by TRW for publication elsewhere. 
AXT's VGF GaAs was selected as 
the only GaAs substrate for epitaxy in 
the Wake Shield Facility (WSF). 
WSF is designed and constructed by 
the Space Vacuum Epitaxy Center 
(SVEC) for thin-film deposition in 
low earth orbit utilizing the wake 
vacuum that is generated behind 
spacecraft. It is composed of a 12- 
foot diameter, stainless teel platform 
within which thin films are grown for 
next generation advanced electronic 
and superconducting materials. The 
WSF was flown on a recent shuttle 
mission STS-69. The use of VGF 
materials in WSF reflects the reputa- 
tion of AXT's high quality VGF 
substrates. 
Substrates for 
Ion Implantation 
Ion implantation is pre- 
sently one of the key tech- 
nologies for fabricating 
GaAs integrated circuits. 
Si implantation is com- 
monly used in fabricating 
conduction channel and 
contact regions for GaAs- 
based FETs. In this pro- 
cess, two problems are cri- 
t i ca l  fo r  opt ima l  
performance of the devices: 
(i) obtaining a thin layer 
with a high carrier concen- 
tration for the FET chan- 
nel layer; and (ii) realizing 
high uniformity across a 
wafer. 
Early studies of Si ion- 
implanted layers showed 
that VGF materials had 
the drawback of lower ac- 
tivation of Si ions than 
LEC materials. The uni- 
formity was also concluded 
to be somewhat poorer. 
Up to the present, GaAs 
for ion-implantation appli- 
cations is dominated by 
substrates grown by LEC 
techniques. However, it has also been 
shown that no major difference is 
observed for MESFETs based on 
VGF and LEC substrates. Variations 
between LEC and VGF histograms 
for FET and test parameters have 
even been demonstrated to have 
tighter distributions for devices based 
on VGF substrates, and hence, with 
improved yields [5]. 
Recently, with support from the 
U.S. Department of Defense Title III 
program, AXT has launched a sys- 
tematic study of VGF GaAs for ion- 
implantation applications. The com- 
pany's main focus has been to work 
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Figure 6. Sheet resistance ma~poings of typical 4-inch VGF substrates after Si implantation and rapid 2 
thermal annealing. Different Si-ion doses and energies were used for implantation." (a) 8.0 x 10 /cm 
at 135 keV performed at Raytheon," and (b) 3.5 × 1012/cm 2 at 140 keV performed at TriQuint. The 
edge exclusions in the mappings of (a) and (b) are 3 mm and 12 rnm, respectively. The average sheet 
resistance are observed to be in the same range that one can achieve on LEC substrates. The uniformity 
is excellent with standard eviation of  the order of  one per cent. 
intensively with its subcontractors, 
Raytheon Company and TriQuint 
Semiconductor, to improve the im- 
plantation efficiency and uniformity. 
With AXT's state-of-the-art VGF 
GaAs processing, from growth, an- 
nealing and polishing to the final 
surface treatment, he activation of 
implanted Si in VGF GaAs has been 
shown to be comparable to LEC 
GaAs, with sometimes even better 
uniformity. This is true for various 
Si-ion energies and implantation 
doses. 
Figure 6 shows sheet resistance 
mappings of typical 4-inch VGF 
substrates after Si implantation and 
rapid thermal annealing performed at 
Raytheon and TriQuint. The sheet 
resistance was measured by a Lehight- 
on contactless conductivity probe. 
Different 29Si-ion doses and energies 
were used for imp lantat ion ,  
8.0x 1012/cm 2 at 135 keV and 
3.5 × 1012/cm2 at 140 keV in Figures 
6a and 6b, respectively. The average 
sheet resistance increases with de- 
creasing Si-ion dose, but both are in 
the same range that one can achieve 
on LEC substrates. The uniformity is 
observed to be excellent. Typical 
standard eviation of sheet resistance 
after implantation is only on the order 
of one per cent. 
Systematic investigations of the 
comparison of device performance of
FETs based on VGF and LEC sub- 
strates are also being carried out. 
Preliminary results show that the 
performance of model devices fabri- 
cated on VGF substrates are all 
comparable to or sometimes better 
than those on LEC substrates. Details 
of these results will soon be published 
elsewhere. These results indicate that 
VGF GaAs are interchangeable with 
LEC materials for ion-implantation 
applications. 
Obviously, VGF GaAs is still a 
young material in the field of ion 
implantation. The higher crystal qual- 
ity of GaAs grown by VGF should 
offer superior device properties that 
remain to be explored. With increas- 
ing numbers of customers using VGF 
substrates for ion-implantation appli- 
cations, and with increasing R&D, 
AXT believes that more advantages 
will be revealed related to the higher- 
quality VGF materials in the next few 
years. 
OTHER III-V 
SUBSTRATES 
Indium Phosphide 
Similar to GaAs, InP is a III-V 
semiconductor with unique funda- 
mental features that make it impor- 
tant for a number of electronic and 
electro-optical applications. Although 
the InP market is relatively small, this 
material is widely used as lattice- 
match substrates for fabricating semi- 
conductor lasers for communications. 
The high mobility of carriers in InP 
also makes it unique in high-speed 
and high-frequency device applica- 
tions. 
The growth of InP crystals is 
dominated by the LEC technique, 
and is supplied by only a few manu- 
facturers. LEC InP suffers from a 
number of problems imilar to LEC 
GaAs, such as high dislocation den- 
sity, etc. Again, VGF InP growth was 
pioneered by AT&T, and has been 
demonstrated to have almost all the 
same advantages relative to LEC InP 
as VGF GaAs has to LEC GaAs. 
However, AT&T grew InP only in the 
[111] orientation, since growth along 
[100] orientation is difficult due to 
twinning. Hence, the most commonly 
used (100) wafer had to be cut at ~54 °
off the ingot axis and then ground to 
a round shape. This resulted in poor 
on-wafer uniformity and a high waste 
level. Up to now, the overall technical 
status of InP substrates lags far 
behind that of GaAs in terms of size, 
quality, consistency and cost. Signifi- 
cant improvements in InP substrate 
production are required in order for 
the InP industry to progress. 
An InP wafer development program 
was launched at AXT about one and 
a half years ago. The program is 
funded by the U.S. Government, with 
strong internal support from the 
company. Based on years of experi- 
ence with VGF GaAs, and within a 
relatively short period, AXT has 
successfully grown high quality, 2- 
inch diameter VGF InP single crystals 
in the preferred [100] orientation. A
good doping control has also been 
achieved, such as S-doped n-type, Zn- 
doped p-type, and Fe-doped semi- 
insulating materials. The dislocation 
density (EPD) of lightly S-doped InP 
wafers is typically less than 500/cm 2. 
An EPD as low as 50/cm 2 has been 
achieved, which is almost wo orders 
of magnitude lower than the typical 
InP substrates that are currently 
available. 
Clearly, VGF-InP technology at 
AXT has been demonstrated to pro- 
duce materials with world-class qual- 
ity. The company is devoting great 
effort in manufacturing development 
to improve yield, consistency and 
reproducibility. AXT's short-term 
goal is to produce commercial, epi- 
ready InP wafers with diameters up to 
3 in. and with good control of 
electrical properties. 
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Gallium Nitride 
The III-Nitride compound semiconductors have bandgaps 
covering the whole wavelength spectrum from red to 
vacuum ultraviolet. In this III-Nitride family, GaN has 
received by far the most attention. The material is 
characterized by a wide, direct bandgap of 3.4 eV, a high 
mechanical strength, and excellent hermal stability. The 
unique properties of GaN offer potential applications in 
such various aspects as high-temperature and high-power 
microelectronics, short-wavelength light-emitting devices, 
solar-blind detectors, and surface acoustic wave devices. 
For many years, GaN has been a candidate for many 
device applications. However, only recently has the control 
of material quality improved sufficiently to develop devices 
containing p-n junctions. A flurry of activity was triggered 
when Nichia Chemical Industries, Inc. demonstrated blue 
LEDs with over 1 cd brightness. Great effort all over the 
world has since been devoted to improving the quality of 
epitaxial III-Nitrides, and realizing the potential applica- 
tions of these materials. 
One of the main focuses in this field is to develop blue 
junction lasers based on GaN. Despite extensive research, 
however, no one has yet demonstrated any success. One 
fundamental problem is the lack of an ideal substrate upon 
which to grow the laser structures. The most commonly 
used substrates, such as sapphire and SiC, have a large 
lattice mismatch and a significant difference in thermal 
expansion coefficients compared with GaN. This unavoid- 
ably introduces high dislocation densities in the structures. 
Hence, to obtain a high-quality epitaxial layer and a 
funtionable laser structure, a homosubstrate is highly 
desirable. 
AXT has two U.S. Government contracts, as well as 
internally funded programs to develop GaN substrate 
growth technology. It is no surprise that the properties that 
make III-nitrides so attractive also make them difficult to 
synthesize. One of the most attractive technique for 
growing GaN substrate is the high-pressure solution 
growth pioneered by Polish High Pressure Research 
Center (HPRC). AXT is now actively working with HPRC 
to develop the bulk GaN synthesis technique, evaluate the 
crystal quality and realize good device performance on 
these GaN substrates. Up to the present, low-dislocation, 
n +. GaN single crystals with diameters up to 5 mm have 
been produced. The goal of AXT is not only to investigate 
the possibility, but also finally to commercially manufac- 
ture GaN substrates using this technique. AXT believes 
that the dream of having homo-epitaxial growth of high- 
quality GaN structures i about to come true. 
References 
1. W.A. Gault, E. M. Monberg and J. E. Clemans, J. Crystal 
Growth, 74, 491 (1986). 
2. J. M. Hu and A. Christou, private communication. 
3. I.C. Bassignana nd D. A. Macquistan, in Common Themes 
and Mechanisms of Epitaxial Growth Symposium. Edited by P. 
Fuoss et al. Materials Research Society, San Francisco, p. 185 
(1993). 
4. H. Yamamoto, O. Oda, M. Seiwa, M. Taniguchi, H. Nakata 
and M. Ejima, J. Electrochem. Soc. 136, 3098 (1989). 
5. T. O'Neill, L. Astaral, M. L. Gray and J. M. Parsey, Jr, Proc. 
US Conference on GaAs Manufacturing Technology, San 
Diego, p.34 (1989). 
To learn more about AXT  products, 
please contact." 
Dr Theodore Young, 
Vice President, Marketing, 
6780 Sierra Court, Suite 1, 
Dublin, CA 94568, 
USA. 
Tel/fax: [1] (510) 833-0553/2667. 
Conclusions 
The III-V semiconductor industry is booming. The 
demand for AXT's products is enormous, and the 
company is playing a more and more important role in 
this industry. As Morris Young, the co-founder and 
president of AXT, says "Everyone at AXT is dedicated 
to serve the emerging III-V industry with the best quality, 
service and price. We all hope to be a part of the emerging 
technology boom that will revolutionize the way people 
live and communicate in the 21st century. 
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